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Abstract 
Since stand alone cryocooler systems have become more widely available, there has been increased commercial 
interest in superconductor applications in the temperature range intermediate to liquid helium and liquid nitrogen.   
There are however few facilities that have large in-field bore size with variable temperatures. A large bore system can 
reduce costs associated with full scale demonstration magnets by testing smaller coils and qualify medium length (up 
to meters) conductors. A 5 T, wide bore, (170mm) Nb3Sn Oxford Instrument magnet has been integrated into a 
custom built dual mode refrigerator/helium flow cryostat with 600A HTS current leads. In one mode the system can 
be used with zero field without cost of liquid helium relying for cooling on a Sumitomo GM cryocooler with 1.5W at 
4.2K: (no He) this can be used either as the sole characterisation method, or as a preliminary check before more 
expensive and extensive measurements are taken.  The first measurements using MgB2 wire from 10 to 20K were 
made using a transient current step of ~5s duration, as opposed to a DC measurement. This has the advantage of not 
requiring thermal equilibrium to be achieved at nominal current. The feasibility of this technique for determining 
critical transport properties is discussed.  
  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
Cryostat; Applied Superconductivity; magneisum diboride; Transport Critical Current. 
1. Introduction 
There is more interest in recent times for applications of superconductors in the intermediate 
temperature range, between liquid helium, 4.2K and liquid nitrogen, 77K. The development of MgB2 for 
applications below its Tc of 39K is not the only motivation. There are also increasingly lower target 
operating temperatures for 2G  high temperature superconductors, which despite their higher Tc of 96K, 
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are more competitive in field performance and cost at say 20K, [1]. However transport measurement data 
is not readily available at intermediate temperatures, partly due to few custom built cryostats with 
sufficiently high dc current capability, [2-4].  
Most measurements between 4.2 and 77K are achieved using cooling gas generated from liquid 
helium. This offers the highest available cooling power, and is in principle only limited by the amount, 
cost, and availability of liquid helium. Liquid helium costs are however significant, on the rise, and 
helium is a limited natural resource. These factors motivated the design and construction of 4.2K-77K, 
1200A transport current cryostat that has an integrated closed cycle refrigeration system operating either 
as (a) the sole cooling source, or (b) to re-condense boil off. The cryostat is also designed to be compact,  
with a footprint of 0.5m2 and flexible for different measurement configurations. A wide bore, 170mm, 5T 
magnet from was chosen for integration in order to accommodate longer length samples and coil sections. 
2. Cryostat 
The cryostat body is a ‘U’ shaped helium vessel, open at the top, with domes welded to seal the bottom. 
The refrigerator is mounted on a top flange, alongside a removable current injection insert. The cryostat 
body, a double walled stainless steel jacket, composed of two cans open at one end with domed bottoms. 
The thin inner wall, 0.5mm, 340mm ID, is suspended from the top with an annular welded flange. The 
vacuum wall is super insulated with a bottom fill configuration running through from the top annular 
flange to the bottom of the domed inner can,  as seen in Fig 1(a). 
The integrated cryo-refrigerator is a Sumitomo RDK-415D 4K 2 stage GM cycle with 1.5W at 4.2K, 
and 45W at 50K. On the first stage a copper flange is mounted, seen in Fig.1(b), and the second stage is 
either anchored to the sample with electrical kapton insulation or to another copper flange when liquid 
helium is used. 
The removable current injection insert houses a pair of 1200A high temperature superconductor, HTS, 
1200A current leads. The upper copper section travels through a pool of liquid nitrogen housed in a ~10 
litre double walled, vacuum insulated can. The liquid nitrogen not only intercepts the heat leak but also 
guarantees a 77K upper temperature boundary on the HTS. The HTS section is suspended below the can 
and a lower copper section extends below to the sample space.  
Fig. 1. (a) CAD view top to bottom without current leads; (b) 3D perspective of cryostat with slice removed to show current leads. 
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3:HTS current leads 
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 Table 1. Data for available options with cryostat.  * built capacity, not tested to date.  
The cryostat can operate with or without liquid helium. Without helium there are two possibilities for 
measurement. The first is adiabatic, in vacuum measurement; the second is with a static helium gas. Table 
1 details the available temperature and field ranges for all configurations. The helium gas option has the 
advantage of being able to use the full current of the HTS leads, but at a penalty of the base temperature 
due to the added heat leak impinging on the available cooling power. 
The magnet, a wide bore, Oxford Instruments Nb3Sn, 5T, is mounted off the top flange. The magnet 
can operate in driven and persistent mode with bore field homogeneity of up to 2.5mT in a central 10mm 
volume. For 4.2K measurement the full 170mm bore is available. Measurements in helium gas in field are 
achieved by addition of a flow cryostat that screws onto the base of the nitrogen can (‘4’ in Fig 1(a)) 
which has a 160mm bore.  
Fig. 2. Measurement configuration of MgB2 wire, 120mm long with 30mm of current injection length at each end. 2 sets of 
electrically insulated copper sections were mounted around the middle 60mm section for lateral heat conduction to a split copper 
platform underneath. The voltages tap separation is V1 2mm, V2 27mm, V3, 2mm, V4, 27mm, V5, 2mm. 
Mode Cooling Temperature 
Range 
Maximum 
Current (A) 
Measurement 
space 
Magnetic Field (T)  
Vacuum Conduction 10  - 87K 600A Φ=340mm 
h=500mm 
0 
He gas Vapour 15* - 87K 1200A* Φ=340mm 
h=500mm 
0 
He liquid (no 
magnet) 
Liquid 4.2K 1200A* Φ=340mm 
h=500mm 
0 
He liquid 
(magnet) 
Vapour Flow 4.2 - 87K 1200A* Φ=10mm 
h=10mm 
Φ=160mm 
h=100mm 
0 to 5 ± 0.0025 
0 to 5  ± 0.3 
I+
I-
V5
V1
V3
V2
V4
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3. Tests 
3.1. System Test 
The first tests were performed in the vacuum mode. The base of the current leads were thermally 
linked to the 2nd stage, the current leads shorted, and a further blanket of super insulation was used to 
wrap the 2nd stage and all sections below the HTS leads. The cryostat cooled down overnight and 
achieved a base temperature of 8K (with liquid nitrogen), and 12K (no liquid nitrogen). From the load 
map for the Sumitomo RDK-415D, the total heat load with liquid nitrogen on the second stage can be 
estimated as 6W. Using heaters mounted on the current leads the thermal resistance of the link was 
measured as 1W/K, which allowed a rough estimate of the separated heat loads as 3W radiation, 3W 
current leads (with nitrogen), assuming no other major thermal links. Further reduction of the heat load is 
possible by use of a thermal shield extending from the first stage. 
DC current injection was not attempted as the time constant for reaching temperature equilibrium is 
about 3 hours. This limitation on the time constant is the cryo-regrigerator. Instead current was injected in 
steps of about 5 seconds duration. A cernox thermometer situated on the short showed no appreciable 
heating <0.1K up to 600A, at 10K, indicating sufficiently low Ohmic losses on the current injection. 
3.2. Sample Measurement 
Further tests were carried out using a 30 filament Monel/Nb/Cu sheath MgB2 wire made by Hyper 
Tech. The preliminary tests are important to establish the validity of using current steps to measure 
critical current. The sample was soldered into 1mm holes in copper blocks for a contact length of 30mm
(Fig 2) and the copper blocks soldered to a split copper platform, where one side of each is connected to a 
current lead. Electrically insulated copper sections were added for lateral thermal conduction to the 
copper platform in the active measurement region. 
In the first set of measurements at 29K, the current was stepped twice, first to 30A below the nominal 
current before stepping to nominal. Despite this precaution an appreciable inductive spike can be seen at 
time 0-10ms in Fig 3 (a). The subsequent increase in V2 which lead to a quench may have been a 
consequence. V1 and V5, (both 2mm from opposite copper current contacts), show higher voltages then 
V2-V4, due to ongoing current transfer beyond the current contacts.  
Fig. 3. Time dependent voltage and current data for the MgB2 wire at 29K (a) and 25K (b). 
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Both however are thermally stable, and no appreciable heating is seen on the copper platform during the 
measurement. 
In further measurements made at 25K a resistive load was added in series in an attempt to reduce or 
preferably eliminate the spike. The result was an apparent increase in the maximum measured current of 
20%. Fig 3(b) shows the measurement with the resistive load. At 324 A, with 2 µV/cm on V2, the thermal 
stability is good. However an event, 160ms after the current is stepped, is captured on V1 and V2 which 
apparently leads to a quench event on V2. Subsequent to this the critical current was deteriorated despite 
having had the current cut-off after 370ms. In the same data it can be seen that V4 had a larger voltage 
than V2, due to a thermal gradient of along the sample. It is evident that measurements over the critical 
current criteria can be performed at this temperature and current, however the thermal stability afforded 
by the measurement is paramount. 
4. Conclusion and Further Work. 
A custom built cryostat for transport measurements between 4.2K and 87K is presented and the first 
tests and measurements described. Measurement in vacuum, with short current steps in place of DC 
current appears to be feasible with suitable precautions to mitigate any inductive effects. Further work 
will include measurements with the wide bore 5T magnet and the flow cryostat. 
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